Thin lm series consisting of Ti, V, TiO2 and V2O5 layer with dierent layer geometries, sequences and thicknesses have been prepared by the sputtering technique. The hydrogen depth prole of selected lms upon hydrogen charging at 1 bar and/or hydrogenation at pressure up to 102 bar was determined by using secondary ion mass spectrometry and nuclear reaction analysis using a N-15 beam. The highest hydrogen storage with a concentration up to 50 at.% was found in the pure Ti and Ti-contained layer, while it amounts to around 30% in the metallic TiVNi layer. Hydrogen can diuse through the TiO2 layer without accumulation, but can be stored in the VO2 layer in some cases. Hydrogen can remove the preferential Ti orientation in the lms and induce a complete transition of V2O5 into VO2 in the lms.
Introduction
Hydrogen has been generally accepted as a fuel in the of LaNi 5 H 6 is of 1.3 wt% H.) [1, 2] . Moreover, the advantage of metal hydrides is that they are stable and can be maintained at room temperature (while the liquid hydrogen has to be maintained at low temperature T = 20 K).
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The search for hydrogen storage materials brings up the important issues for fundamental research, e.g. understanding the mechanism involved in the interaction of hydrogen with matter in the solid-state form. Introduction of hydrogen into the crystal lattice brings a relatively small perturbation to the system (e.g. the lattice expansion, the crystal and electronic structure modication, the hydrogen bonding with other atoms in the lattice), the new-formed hydrides often exhibiting new and fascinating physical properties. Besides, experimental results
show that the kinetics of hydriding and dehydriding of metals and alloys can be improved by the nanostructured form. For instance, faster hydrogen sorption rates were found for the nanocrystalline Mg 2 Ni than that of their bulk counterpart due to an enhanced surface eect and a shortened diusion path [3] . On the other hand, a reduction of the grain size in MgH 2 can decrease the reversible storage capacity related to a reduction of intragrain volume [4] as well as alter the stability due to a decrease of desorption energy [5] .
We are interested in the hydrogen storage ability and the eect of hydrogen sorption on the crystal and electronic structure and physical properties of Ti, V and their oxides-based thin lms. Thin lm processing is in fact an alternative method that synthesizes nanostructured materials in specic compositions which could provide a sizereduction to the nanoscale. Besides, it provides a possi- Some lm series have been subjected to hydrogen charging at atmospheric atmosphere (1 bar) and at 300 • C (in a self-made gas charging system). They were charged with hydrogen once or twice. Each charging was for 3 h. For high-pressure hydrogenation experiments, the lms were put into the hydrogenation apparatus with applied hydrogen pressure up to 102 bar and at room temperature (in the high pressured reactor with
LaNi 5 H 6 container).
For investigating of the possibility of enhancement of hydrogen storage, one series of lms was subjected for an additional Pd covering by molecular beam epitaxy (MBE) technique.
We notice here that we prepared and used many different series of lms. Our investigations indicated that very similar lms were obtained under the same technical conditions. The lm chemical composition, depth prole, layer thickness and structure of chosen lms after depositions were determined by combined analysis of X-ray diraction (XRD), X-ray reectometry (XRR), the Rutherford backscattering (RBS) and optical spectrometry. Details of such investigations have been published earlier [7] . For the lms subjected to hydrogenation, the cell [10] , titanium dioxide has become the most studied among photocatalytic materials [11] for applications in photocatalysis [12] , solar cells [13] , gas sensors [14] .
The results of scientic works in this eld were published in thousands papers including many reviews and mono- Hydrogen storage in TiTiO 2 systems have been thoroughly investigated on selected lms series and reported in our previous publications [32, 33] . The main outcome of our investigated were summarised as follows: As an example, we show in Fig. 1 properties. V 2 O 5 thin lms can be applied in electrochromic and electrochemical devices [35] and microbatteries [36] . A large interest is focusing on investigations of TiO 2 V 2 O 5 thin lms to gain the optimal electrochromic properties due to their potential applications for electrochromic smart windows and other electrochemical devices [37] . 15 NNRA for TiO2/V2O5/SiO2 lm. Hydrogen assists a complete V2O5VO2 transition and hydrogen concentration of 1520 at.% stores in this layer. Fig. 3 . Illustration of the inuence of hydrogenation on the structure and composition of V2O5/Ti2/SiO2 lm and TiO2/V2O5/SiO2 lm. The surface V2O5 layer was well preserved upon hydrogen charging, while for the TiO2/V2O5/SiO2 lm hydrogen supports a complete V2O5VO2 transition in the lm.
We have performed the hydrogen charging on lms with V 2 O 5 and/or TiO 2 as the surface layer. Most of them were charged by hydrogen twice (denoted as H (1) and H(2) in Table I The change in the layer thickness and composition upon hydrogen charging of these two lms were listed in Table I . We notice here that the relative change between dierent layers is very small which did not lead to visible changes in e.g. RBS spectra. the combined signals from those 3 elements formed the wide peak with some ne structures (e.g. 2 small peaks at the two sides of a wide peak located around 1200 keV).
For such a sample, the Si-edge from the Si substrate locates at energy around 850 keV.
Hydrogen charging leads to surface oxidation of the lm revealed by an appearance of a quite sharp O-peak at energy of 620 keV. The lm structure can be considered to consist of 2 dierent regions: (1) the oxidized layer with a total thickness of 48 nm, (2) the main part of the lm is the pure metal layers of a total thickness of 103 nm.
A surprising fact is that the total thickness of the TiV Ni/Si(111) lm does not change by hydrogen charging.
Despite of the change of the peak-shape related to some re-arrangement of the metal atoms in the lms (revealed by the composition change in dierent sublayers), the peak-width in the RBS spectra is similar for both asdeposited lm and that after hydrogen charging. It was illustrated by the vertical dotted-line in the gure: the TiVNi peak ends at the same energy value.
We notice here that the hydrogen charging has been carried out at 300 • C for a quite long time (of 3 h).
The signicant change of the element-ratio upon hydro- The RBS spectrum of as-deposited TiVNi/SiO 2 lm ( Table II ). However, the hydrogen amount reaches only 28 at.%, i.e. lower than that in the lm deposited on Si(111) substrate. Fig. 7 . Hydrogen prole of TiVNi layer deposited on SiO2 before (as deposited) and after hydrogen charging. A quite high hydrogen storage rate (≈28 at.%) was also revealed in the deep metallic TiVNi layer.
We summarized our obtained results on TiVNi lm series as follows:
The lm surface was oxidized upon hydrogen charging and it consists mostly of TiO 2 . The results ob- We notice here also that, despite of a big dierence in Ti and V concentration, the Ni concentration in both lms is similar. Thus we cannot draw any conclusion about the role of Ni in the TiVNi lm system.
Concluding remarks
The most important ndings of our investigations on VO 2 transition and could be also stored in the VO 2 layer (≈20 at.%) in some cases, (4) a large hydrogen storage (≈30 at.%) can be also in TiVNi lms.
Our results reveal that the Ti, V and their oxides-based thin lms could be good candidates for hydrogen storage materials.
